INTRODUCTION
Recently, global warming becomes an environmental issue which is due to deposition of huge carbon dioxide and breaking of ozone layer by green house gasses. It was agreed by the developed countries that they would reduce at least 5% of their green house gasses compared to the year 1990 by the year 2012 [1] . Also global power crisis and need for sustainable energy systems forces the development of power supply structures that are based on renewable resources. Photovoltaic (PV) system is gaining popularity among the renewable resources due to advantages such as absence of fuel cost, low maintenance cost and no wear and tear due to absence of moving parts. But still the high installation cost and low energy conversion efficiency hinder the mass use of PV systems. The output power of a PV panel depends on the operating terminal voltage. The maximum power generated by the system changes with the change in insolation and temperature. To increase the output power it is important that the PV panel operates at maximum power point (MPP). The power we extract from the PV module is a dc power. So if the maximum power point is to be tracked by changing the voltage of the PV module there should be a dc-dc converter. There are different topology of dc-dc converter like buck converter, boost converter, buck-boost converter, cuk converter, SEPIC (Single Ended primary Inductance Converter) etc. A buck converter can transfer energy to load at lower voltage than the source voltage. Boost converter transfer energy to load at higher voltage than the source voltage. Buck-boost, CUK, SEPIC can transfer energy to load above and below the source voltage. Buck converter used in MPPT can't pull output voltage greater than that of input voltage. Boost converter used in MPPT can't pull output voltage below input voltage. Buck-boost and CUK converter have inverted output. These problems are solved by using non-inverting buck-boost converter. The ability to work over a wide range of input voltage to generate both higher and lower voltages while supplying high current makes this topology an attractive choice [2] . Another advantage of non-inverting buck-boost converter is that it has a capacity for extra current storage in the inductor [3] .
A non-inverting buck-boost converter is used in the MPPT system in this experiment. The P & O method was implemented using PIC16F73, a robust microcontroller.
PV MODULE & ARRAY CHARACTERISTICS
Bassically, PV cell is a p-n junction. When light incident on the pn junction of the solar cell, electron hole pair is generated in the depletion layer of solar cell. So if a load is connected to the terminal of solar cell, the excess charges i.e. a current flow through the load. A solar cell can be represented by a current source parallel with a diode, a high resistance and series with a small resistance as shown in Figure 1 . The terminal equation for current and voltage of the array becomes [4] - [7] (1) 
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The photocurrent mainly depends on the solar cell's working temperature
On the other hand, the cell's saturation current varies with cell temperature, which is described as
Since normally Iph >> Is and ignoring the small diode and ground-leakage currents under zero terminal voltage, the short circuit current Isc is approximately equal to the photocurrent Iph, I,e.,
On the other hand, the Voc parameter is obtained by assuming the output current is zero. Given the PV opencircuit voltage Voc at reference temperature and ignoring the shunt leakage current, the reverse saturation current at reference temperature can approximately obtained as (5) In addition, the maximum power can be expressed as.
Solar module SOLEREX MSX40 is used in this experiment. The key specifications of this module are shown in table 1. The characteristics of this module are shown in figure 3 and 4. Figure 3 shows the current vs. voltage curve for a PV module at different irradiance. Figure 4 shows the power vs. voltage curve for a PV module at different irradiance. 
MAXIMUM POWER POINT TRACKING
There are many algorithms for maximum power point tracking. Among them P & O is most widely used algorithm. It is a kind of "hill-climbing" method. In figure 4 P-V curve is shown. In this curve, on the right side of MPP the change in power with respect to voltage dP/dV< 0 and on the left dP/dV> 0 [9] .
If the operating voltage is perturbed in certain direction, if dP/dV> 0 the panels operating point is moved closer to MPP. If dP/dV< 0 the operating point of the panel moves away from the MPP. Then P & O algorithm reverses the direction of perturbation [10] . The P & O method is easy to implement and it needs lesser calculation. However, it has some disadvantages such as slow response, wrong tracking under rapid changing atmospheric condition and oscillation around MPP [10] - [12] . The flow chart of the implemented P & O algorithm is illustrated in Figure ( The algorithm works in this way. Present power P(k) is calculated using present voltage V(k) and current I(k). Then it is compared with the previous power P(k-1). If the power increases, the voltage is changed in the same direction. Otherwise the voltage direction is changed.
NON-INVERTING BUCK-BOOST CONVERTER:
A non-inverting buck-boost converter is essentially a cascaded combination of a buck converter followed by a boost converter, where a single inductor-capacitor is used for both [13] . As the name implies, this converter does not invert the polarities of the output voltage in relation to the polarities of the input. This converter requires the use of two active switches and is designed by combining a buck converter and boost converter design in the same topology. Due to this design this converter can work as Buck-only, Boost-only or Buck-Boost converter. The input voltage source is connected in parallel with diode D1, MOSFET S boost , load capacitor, C as indicated in Figure 6 . MOSFET S buck is connected between the input voltage source and diode D1. The inductor is connected between D1 and S boost , while D2 is connected between S boost and the output or load capacitor. 
Operation of Non-Inverting Buck-Boost Converter:
In this topology the converter will be operated either in buck mode or boost mode depending upon the load condition. In buck-only mode, S buck is used as a switch, with the diode D1. S boost is turned OFF and diode D2 is always ON. S buck and D1 form the buck switching leg [14] . Figure 7 shows the converter operating at buck mode. Figure 7 . Converter operating at buck mode When the converter is operated at boost mode then, the switch S buck remains close. In boost-only mode S boost is used as a switch and D2 acts as the diode in the boost regulator. S buck is always ON and D1 is turned OFF. S boost and D2 form the boost switching leg [14] . Figure 8 shows the circuit diagram of the buck boost converter operating at boost mode. In buck-boost mode the S buck and S boost are simultaneously ON during the switching cycle or ON time, while D1 and D2 are simultaneously ON during the opposite switching cycle or OFF time. This means that when S buck and S boost are turned ON, the inductor is getting charged, so D1 and D2 are turned OFF. Vice versa when D1, D2 are ON, the inductor is charging the load capacitor, so S buck and S boost are turned OFF [14] .
Design & Simulation of Non-Inverting Buck-Boost Converter:
The design of non-inverting buck-boost converter is same as the inverting buck-boost converter. The converter is designed considering the data below Where, I l = Average Inductor current =
The inductor of the converter can be found as So L=317 uH. This is the minimum inductor value for the converter. We choose 600 uH as inductance. The output capacitance can be found from the following equation
Considering, ∆Vout = Output ripple voltage = 0.2 V, Cout = 355uF. For this experiment we choose L=600uH and C=470uF. UGP30K and F3205Z are the model number of the diode and MOSFET respectively used in this experiment. The non-inverting buck-boost converter is simulated using SIMULINK. The values for the components are set as above. Figure 9 . Simulation of non-inverting Buck-boost converter Figure 9 shows the simulation model of non-inverting buck-boost converter and the output at 60% duty cycle for both buck and boost operation and ripple voltage is shown in figure 10 and 11 respectively. Input voltage was taken as 20V. 
PERFORMANCE ANALYSIS
Schematic diagram of the proposed MPPT system is shown in figure 13 . Voltage sensor circuit and current sensor circuit are used to sense voltage and current respectively. Outputs of these circuits are sent to microcontroller, which in turn controls the MOSFET according to the algorithm. The ratio of voltage and current at maximum power point is 7.25 ohm. When load is connected to the PV module for 7.3 ohm and 6.3 ohm, load power is almost same for with MPPT and without MPPT. But when the load is greater or smaller than 7.25 ohm we get greater power with MPPT compared to without MPPT. is plotted using the data in table II. It can be seen from the figure that above and below the 7.3 ohm load the output power without MPPT is significantly reduced compared to the output power with MPPT.
CONCLUSION
This work proposes a two-switch non-inverting buck-boost converter based Maximum Power Point Tracking System. The proposed converter is about 94% efficient. A greater output power is achieved when MPPT system is connected to the load compared to load without MPPT system. So for higher loads low cost MPPT system could be a better choice to get maximum available power from the solar module.
